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TECHNICAL MEMORANDUM X-64986 


BASELINE METEOROLOGICAL SOUNDINGS FOR PARAMETRIC 
ENVIRONMENTAL INVESTIGATIONS AT KENNEDY SPACE 
CENTER AND VANDENBERG AIR FORCE BASE 

INTRODUCTION 


Table 1 presents a collection of atmospheric soundings representative 
of the environment at Kennedy Space Center (KSC), Florida, and Vandenberg 
AFB (VAFB), California. These soundings include wind speed, wind direction, 
temperature, and pressure as a function of altitude together with the surface 
density and standard deviation of the wind azimuth angle at the surface. The 
height of the surface mixing layer is also given. These are necessary 
meteorological data inputs to the NASA/MSFC Multilayer Diffusion Model. 

Synthetic soundings were generated for meteorological regimes 
representative of KSC and VAFB. Characteristic cases of fall, spring, and 
sea-breeze regimes for KSC and sea-breeze cases of low and high level 
inversions for VAFB are presented. 

To illustrate and document actual launch operations, seven T-0 soundings 
obtained from KSC during the launches of the Titan are included. To illustrate 
the temporal variations in atmospheric conditions, eight soundings are presented 
for the 32 hour period before the May 30, 1974, Titan launch. 


METEOROLOGICAL DATA FOR KSC 


Fall, Spring, and Sea-Breeze Meteorological Regimes 

The ssmthetic soundings for the fall, spring, and sea-breeze regimes at 
KSC were derived from the mean monthly wind speed, wind direction, and 
temperature profiles for KSC [1,2]. These profiles have been used in previous 
diffusion calculations for space vehicle laimches at KSC [ 3-7] . A study of the 


KSC climatology Indicated that the average depth of the surface mixing layer in 
the fall season associated with the easterly winds required to transport the 
ground cloud inland is approximately 1000 m. During the spring, there are 
occasions when the surface mixing layer reaches a depth of 2000 m. The after- 
noon sea-breeze, which is common to all seasons, has an average surface 
mixing layer of 300 m. The fall, spring, and sea-breeze meteorological data 
are presented in Tables 2, 3, and 4. 

Pre-Cold Front, Cold Front, and Post-Cold Front 
Meteorological Regimes 

Three meteorological regimes are associated with the approach and 
passage of a cold front. These regimes are presented in Tables 5, 6, and 7. 
The meteorological data of October 19, 20, and 21, 1972, were selected to be 
representative of these regimes at KSC. At 0700 EDTon October 19, a cold 
front was located northwest of Florida, extending from Georgia through 
Southeast Alabama and then westward. Florida weather was fair with scattered 
hi^ clouds and local haze conditions. The 0700 EDT sounding showed a stable 
layer from the surface to approximately 218 m above the ground. At 0700 EDT 
on October 20, the cold front was oriented from east to west and was located 
just to the south of KSC. Rain and rain showers were occurring in the vicinity 
of the front. The KSC 0700 EDT sovinding indicates the presence of a moist, 
unstable air mass over KSC with a surface mixing layer extending to about 
2000 m. The cold front had moved south into the Straits of Florida by 0700 EDT 
on October 21. The 0700 EDT sounding at KSC indicates a surface mixing layer 
depth of approximately 1400 m with dry, warm air aloft. 


Additional Meteorological Regimes 

Tables 8, 9, and 10 illustrate a stationary front south of KSC, a cold 
front south of KSC, and a fair-weatiier, liigh pressure regime at KSC for 
measurements at 10 km on October 2, 1972, November 26, 1972, and November 
27, 1972. 


Titan Meteorological Data 


Tables 11 through 17 are meteorological data inputs for the Titan launches 
at KSC. The dates and times are the missions flown by the Titan. The weather 
data on August 20 and September 9, 1975 (Tables 16 and 17) are the Viking 1 
and 2 space missions to Mars. 


T-32 to T-0 Meteorological Data for a Titan Launch 

An interesting collection of meteorological data is presented in Tables 
18 throu^ 25. This is the May 30, 1974, launch of the Titan. There are eight 
data sets from T-32 to T-0 hours. The Cape Kennedy area was influenced at 
T-24 on May 29 by northwesterly wind flow from 915 m ( 3000 ft) altitude to 
6100 m (20 000 ft) altitude caused by an upper level high pressure system over 
die central United States. Below the 915 m (3000 ft) level another high pressure 
system affecting the lower layers was centered just off the Central Atlantic 
coast, producing southeasterly winds over Florida. Wind speeds were generally 
less than 5 m/s (10 knots) in these lower layers while they were occasionally 
reported above 13 m/s (25 knots) in the 2130 to 2440 m layer (7000 to 8000 ft). 
Also, a shallow band of almost calm air at 915 m (3000 ft) represented the 
boundaries between the upper and lower level flow and pressure systems. The 
first significant change in the atmospheric circulation from May 29 to May 30 
occurred as a weakening of the surface high pressure system in tlie Atlantic 
and a simultaneously shifting of its center further south. The immediate and 
noticeable effect of this change was to create a gradual clockwise shifting in 
wind direction from southeastexdy to southwesterly in the lowest 915 m (3000 ft) 
altitude over Cape Kennedy. The Cape Kennedy winds in the lowest 1525 m 
(5000 ft) continued to shift from southwesterly at T-5 to northwesterly at T-0. 
The winds ranged from 3. 6 m/s ( 7 knots) at the surface to 7. 7 m/s ( 15 knots) 
at 6100 m (20 000 ft). The coincident T-0 wind direction profile between the 
surface and 6100 m (20 000 ft) was generally northwesterly at all levels. 


METEOROLOGICAL DATA FOR VANDENBERG AIR FORCE BASE 


Morning and Afternoon Fair-Weather Regimes 

In the absence of frontal activity, the weather in tlie lower 2000 to 3000 m 
at VAFB is dominated by the land-sea-breeze regime. The inversion produced 
by subsidence is present at VAFB over 90 percent of the time in the summer and 
approximately 50 percent of the time in the winter. With the Pacific high 
centered to the west and a thermal low common over the California interior, 
the prevailing gradient wind in all seasons is from the north or northeast. Cold 
air drainage from canyons in the vicinity of the launch areas contributes to the 
offshore winds at night and during the morning (Table 26) . At the time of the 
sounding, the westerly sea breeze is beginning to develop near the surface with 
northeasterly winds above. The surface mixing layer extends to tlie base of the 
inversion which is approximately 400 m above tlie ground. 

During the the layer of onshore flow deepens as the sea-breeze 
becomes well established. Table 27 shows typical wiiri speed, wind direction, 
and temperature for an afternoon sea-breeze regime; the inversion base is 
approximately 225 m above the surface. Relatively high inversions are also 
observed at VAFB, often associated with an upper level trough to the west. 

Table 28 shows typical wind and temperature profiles for an afternoon sea- 
breeze regime with an inversion base approximately 775 m above the surface. 

A stationary upper level trough west of VAFB, a cold front northv jst of VAFB, 
and a cold fx'ont south of VAFB are shown in Tables 29, 30, and 31. 
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TABLE 1, SUMMARY OF CLASSICAL AND ACTUAL 
METEOROLOGICAL REGIMES 
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TABLE 2. KSC FALL, NORMAL LAUNCH 
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TABLE 3. KSC SPRING, NORMAL LAUNCH 
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KSC SEA BREEZE, NORMAL LAUNCH 
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21 OCT. 72, 1115 Z (0715 EDT) COLD FRONT SOUTH OF KSC, NORMAL LAUNCH 
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TABLE 10. 27 NOV. 72, 1115Z (0715 EDT) FAIR WEATHER, HIGH PRESSURE, NORMAL LAUNCH 
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TABLE 13. TITAN T-0 SOUNDING, 30 MAY 1974, 1300 Z (0900 EDT) 
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TABLE 15. TITAN T-0 SOUNDING. 20 MAY 1975, 1400 Z (1000 EDT) 
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TABI.E 17. TITAN T-0 SOUNDING, 9 SEPT. 1975, 1839 Z (1439 EDT) 



1 


bo 


o 

© 

o 


N 


.6 S 


be 


o 

00 

o 


© 

© 


4h “ 


CO 

a 

•S 


>4 

•3 


V 

•c 




■a 


0) 

SB 


e 

g 


« S 


Vi 

M r N 

o U 

a ^ 

0) 

H 


■o 

-o g 

c 

•tH 


Ci 

o 

a 

u 

S 'bio 
P -5 


”0 

c 


S’ 

•§ 


§3 


m .a 

^4 .Sf 
0> 0) 

p 


o 

e 

t- 


s s s s s 


ooooooeee 
o^^pb~0($oab 


ooc-ooMonnoiHooooco 


^S©t«<4*OiHOA©O©Oa0^O 

MOA«©©MQ©©©eiocncot- 

00©0><»©0)mw©00©©t>fl>’ 


oooooooooooooooo 

oooooooooooooooo 


©Wl«<<liNNoa0l..,©©'^NNi-tO 

CMWeslCSINNC'lr-tlHi-lr-IrHlHp^i-IlH 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

. 

• 

• 

• 

CVJ 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

'<1' 


XC 

X»l 

Xll 

Xl* 



o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

. 

• 

« 

« 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

o 

rS 

© 

o 

o 

o 

evi 



CO 

C^l 


CD 

t- 


© 

xr 

o 



(X> 

00 

00 

00 

00 

00 

00 

00 

00 

00 

o 

© 


OOOOOOOOOOOQOOOO 

OOOOOOOOOOOOOOOO 

oooooooooooooooo 


oo<MiooO'i'ir504f.i<0>a3.jiesjco 

oeoo'H't'.H.Hi-ieMoe'if-cwoo 

r-ievie«5©oO'HMioce®i-ii^e^»t 

rHt-l..4iHri4e^C^Wf,4 


'I 


( 4* 

■ ' I*,' 


21 




k 




22 


V 




16.000 130.0000 3.0000 22.800 1018.600 


r: 


* 



i 




o 

00 


o o 
n o 

O 

flO 

o 

i-H 

s 

o 

«o 

o 

r- 

o 

1— i 

s 

o 

o 

o 

o 

tn 

o 

r~ 


iH 

CO 

■■I* 

lO 

r-i O 


CO 

IN 

rH 

Oi 

LO 

00 

o 

CO 


rt 

o 

iH 


o 


<H o’ 

lA 

'i' 

<Si 

CO 

e*5 

t- 


o 



n 

«o 

o 

CO 

iO 



00 

U) 

CO 

CM 

N 



o 

o 

CO 

r~ 

CO 

o 

a> 

o 

Oi 

OO 

00 

00 

00 

00 

00 

00 

® 

t- 


t- 

t> 


oooooooo sooooooooo 
oooooooooooooooooo 


WCJOQ0t-«DU5rt(M 


iHiHiHMiHOOOOOJ 


OOOOOOOOOOOOOOOOOO 

oooooooooooooooooo 

OOOOOOOOOOOOOOOOOO 

oooooooooooooooooo 


OOOOlON'^lOt-OOC'JN'il'OOOOOOOOOOO 


oooooooooooooooooo 

OOOOOOOOOOOOOOOOOO 

oooooooooooooooooo 

OOOOOOOOOOOOOOOOOO 


OCOeOt-O'^OOrHOOOOr-tC-OOOevj 

(NINe0'^Olf5'^(N<NT-4rHoOOO0>OO 

eoeoeoo«eoMcocON<NiNNM 


OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 


eooooooooc'Jc-oc-coooooHO 

i-tOOOOe'JOOOC^OiHOOO'-t'^O 

usoooomoo'^'ooe^'^ooocot-o 

fHCvjcoeoeO'^inu5i/5oo«ooc~b-t>oo 






\ 


i 



23 






9) OOOOOOQOOOQOOOOOQOO 

tj OO«lf 3 *O^Ot- 00 ^Ot-OUSt-^«M 

ooojoou 5 oooo 4 «t-oeooa»o»>^t-o> 

MB OJOCO-'J't'i- 4000 mOS^O'^O^M«OQOrH 

? — <HoojQoiomr-ioQot'mu5caoa>t-«oeoi-4 

^ oo<no»oJO>s>*oooooooooo®t-t“t-t“t“ 


ooooooooooooooooooo 

ooooooooooooooooooo 

T}<05aO«(31'^MiHQOiH(NO>LOOOii-lO>OOOi 

t-Mca<Mooooc-inirteoNr^i-ioooot-«o 


ooooooooooooooooco© 

ooooooooooooooooooo 

ooooooooooooooooooo 

ooooooooooooooooooo 

Ot^t>t>OU 5 r 4 lN'^inOrHlOO?c 4 'd‘Wr 4 o> 

iHr-ti-ti-tMC'IC'IMi-l 


OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooo 

oaoo«^t>OiHi>'>*'caoou 5 ooW'^c'ioot^ 

■«i''^ir 5 ntnmo-^eowr-ir-(ooooooo> 

i-li-lr-tT-IrHtHr-ICOCOCOCOCOCOeOWCOeOPSe'l 


ooooooooooooooooooo 

ooooooooooooooooooo 

ooooooooooooooooooo 

OOlfJO-'^OO-^OCJOOcJ'^OQOOcJo 

iHOCOOOOOiOOOO-^O'-tOOOOO 

Ot-OOOOOiOOWO'-tOOOOC-OOO 

rHi-t(M«eO'«i''^tmu 5 ooc-t-QOOjo 






TABLE 21. TITAN 0-14 HR, 2300 Z (1900 EDT) , 29 MAY 1974 
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TABLE 22. TITAN O-lO HR, 0300 Z (2300 EDT) , 30 MAY 1974 
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TABLE 23. TITAN 0-8 HR, 0500 Z (0100 EDT), 30 MAY 1974 
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'lABLE 24. TITAN 0-5 HR, 0800Z (0400 EDT) , 30 MAY 1974 
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TITAN T-0 SOUNDING, 30 MAY 1974, 1300 Z (0900 EDT) 
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TABLE 26. VAFB MORNING NORMAL LAUNCH 
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TABLE 28. VAFB SEA BREEZE HIGH INVERSION NORMAL LAUNCH 
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TABLE 30. if JAN. 1973, COLD FRONT NORTHWEST OF VAFB, 1115Z, (0315 PST) 
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TABLE 31. 17 JAN. 1973, COLD FRONT SOUTH OF VAFB, 1115 Z, (0315 PST), 
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